Abstract Coriandrum sativum L. (coriander), an everyday spice in the Indian kitchen is known to add flavor to the cuisine. It is an annual herb belonging to the Apiaceae (Umbellifera) family. The hydro-alcohol extract of Coriandrum sativum L. at the dose of 1 mg/ml was subjected to a series of in vitro assays viz. 2, 2′-diphenyl-1-picrylhydrazyl, lipid peroxidation by thiobarbituric acid, reducing power and nitric oxide (NO) radical scavenging in order to study its antioxidant efficacy in detail. The amount of flavonoids in 70% ethanol extract was found to be 44.5 μg and that of the total phenols was 133.74 μg gallic acid equivalents per mg extract. The extracts of the leaves showed metal chelating power, with IC 50 values, 368.12 μg/ ml where as that of standard EDTA was 26.7 μg/ml. The IC 50 values for 2, 2′-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid radical scavenging was 222 μg/ml where as that of standard ascorbic acid was 22.6 μg/ml. The NO scavenging activity of the extract of the leaves showed IC 50 value of 815.6 μg/ml; at the same time the standard BHA had 49.1 μg/ml. All the plant extracts provided DNA damage protection; however, the protection provided at the dose of 8 μg/ml was comparable to that of standard gallic acid. The Coriandrum sativum leaf extract was able to prevent in vitro lipid peroxidation with IC 50 values; 589.6 μg/ml where as that of standard BHA was 16.3 μg/ml. Our results also showed significant ferric reducing power indicating the hydrogen donating ability of the extract. This study indicated the potential of the leaf extract as a source of natural antioxidants or nutraceuticals that could be of use in food industry with potential application to reduce oxidative stress in living system.
Introduction
Free radicals are types of Reactive oxygen species (ROS), which include all highly reactive, oxygen-containing molecules. Types of ROS include the hydroxyl radical, the super oxide anion radical, hydrogen peroxide, singlet oxygen, nitric oxide radical, hypochlorite radical, and various lipid peroxides. All these are capable of reacting with membrane lipids, nucleic acids, proteins and enzymes and other small molecules, resulting in cellular damage (Shahidi and Wanasundara 1992; Buyukokuroglu et al. 2001) .Cell damage caused by free radicals appears to be a major contributor to aging and degenerative diseases of aging such as cancer, cardiovascular disease (Halliwell and Gutteridge 1984; Ames et al. 1993; Harman 1995; Halliwell 1997) , cataract, immune system decline, liver diseases, diabetes mellitus, inflammation, renal failure, brain dysfunction, etc. (Miller 1996; Halliwell 1997; Kowaltowski and Vercesi1999) . Antioxidants are absolutely critical for maintaining optimal cellular and systemic health and well-being.
Coriandrum sativum L. (coriander) is an annual herb belonging to the Apiaceae (Umbellifera) family (Evans et al. 2002) . Different parts of the plant, including the fruits and the green herbs, are used for medicinal purposes such as dyspeptic complaints and loss of appetite (Blumenthal et al. 2000) . Pharmacological studies in animals have shown that coriander has anti-diabetic (Swanston-Flatt et al. 1990; Gray and Flatt 1999) , hypolipidemic, (Chithra and Leelamma 1997; and anti-cancer effects (Chithra and Leelamma 2000) . Sedative-hypnotic activity of coriander seeds have been evaluated in scientific studies in mice (Emamghoreishi et al. 2005) . Linalool, the main monoterpenoids of coriander seeds is shown to have sedative and anticonvulsant activity in animal studies and anxiolytic and sedative activity in human studies (Karmakar et al. 2011) . Report also states the in vivo antioxidant activities of coriander seed (Anilakumar et al. 2001; 2010) . However, the studies on in vitro antioxidant and DNA damage protection properties of Coriandrum sativum leaves are sparse. Hence this work was taken up to evaluate the antioxidant activities of Coriandrum sativum leaves with a battery of in vitro assays.
Materials and methods
Plant material Coriandrum sativum L. (coriander) was collected from local market of Mysore, India. The Coriandrum sativum leaves were washed and with clean distilled water, and allowed to dry in shade for three days in order to have the moisture content of 7.0%. This plant material was taken for further studies.
Chemicals and reagents Ethanol and distilled water were used as solvent for extraction of antioxidant compounds. H 2 SO 4 , NaOH, HCl, DPPH, BHA, gallic acid, FolinCiocalteu reagent, FeCl 2 , ferrozine, potassium ferricyanide, EDTA, ascorbic acid, TPTZ(2,4,6,-tripyridy-striazine), TCA, FeCl 3 , Na 2 CO 3 , catechin, thiobarbituric acid (TBA) were of analytical grade and were stored at prescribed conditions in the laboratory.
Extraction 150 g of crushed plant material was used for extraction. This sample was soaked overnight in 70% ethyl alcohol and repeated extraction was carried out by adding fresh solvent every time, total for 72 h. The pooled extract was subjected to filtration through normal filter paper followed by Whatman No.1. This filtered 70% alcohol extract was subjected to flash evaporator followed by lyophilization. The lyophilized samples were analyzed further for its antioxidant activities by various in vitro assays.
Estimation of total flavonoid content Total flavonoid content was determined as described by Zou et al. (2004) . 0.25 ml of various extracts was diluted with 1.25 ml of distilled water. 75 μl of a 5% NaNO 2 solution was added followed by 150 μl of a 10% AlCl 3 .H 2 O after 6 min. After 5 min, 0.5 ml of 1 M NaOH was added to this mixture. The absorbance was measured immediately against the prepared blank at 510 nm. Catechin was used as a standard and the results were expressed as mg of catechin equivalents (CE) per mg of dry extract.
Determination of total phenols Total phenol content was determined by the method adapted from Singleton and Rossi (1965) with some modifications using the Folin-Ciocalteu reagent. 1 ml of the extract was mixed with 1 ml of FolinCiocalteu's phenol reagent. After 3 min, 1 ml of saturated Na 2 CO 3 (35%) was added to the mixture and it was made up to 10 ml by adding deionised water. The mixture was kept for 90 min at room temperature in the dark. The absorbance was measured at 725 nm against the blank. The total phenolic content was expressed as mg of gallic acid equivalents (GAE) per mg of dry extract.
DPPH radical scavenging activity The scavenging effect of leaf extracts on DPPH radicals was determined according to the method of Hatano et al. (1988) . Various concentrations of sample (4 ml) were mixed with 1 ml of methanolic solution containing DPPH radicals, resulting in the final concentration of DPPH being 0.2 mM. The mixture was shaken vigorously and left to stand for 30 min, and the absorbance was measured at 517 nm.
Determination of reducing power The reducing power of leaves extracts was determined according to the method of Oyaizu (1986) . 2.5 ml of various concentrations of the extract, 2.5 ml phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of 1% potassium ferricyanide were mixed and incubated at 50°C for 20 min and centrifuged for 10 min at 800 x g after addition of 2.5 ml of 10% trichloroacetic acid. 2.5 ml aliquot of supernatant was mixed with 2.5 ml of deionised water and 0.5 ml of 0.1% ferric chloride. After 10 min of incubation, the absorbance was measured at 700 nm against a blank.
Chelating effects on ferrous ions The ability of the leaf extracts to chelate ferrous ions was estimated by the method of Dinis et al. (1994) . Briefly, 2 ml of various concentrations of the extracts in methanol were added to a solution of 2 mM FeCl 2 (0.05 ml). The reaction was initiated by the addition of 5 mM ferrozine (0.2 ml). The mixture was shaken vigorously and left at room temperature for 10 min. The absorbance of the solution was measured spectrophotometrically at 562 nm.
ABTS radical cation scavenging activity The ABTS (2, 2′-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) cation radical scavenging activity was performed with slight modifications described by Roberta et al. (1999) . The ABTS + radicals were produced by the reaction between 7 mM ABTS in water and 2.45 mM potassium persulphate, stored in the dark at room temperature for 12 h. Prior to use, the solution was diluted with ethanol to get an absorbance of 0.700±0.025 at 734 nm. Free radical scavenging activity was assessed by mixing 10 μl of test sample with 1.0 ml of ABTS working standard in a microcuvette. The decrease in absorbance was measured exactly after 6 min.
Ferric reducing antioxidant power (FRAP) assay
The FRAP assay was used to estimate the reducing capacity of leaves extracts, according to the method of Benzie and Strain (1996) . The FRAP reagent contained 2.5 ml of a 10 mM TPTZ solution in 40 mM HCl, 2.5 ml of 20 mM FeCl 3 .6H 2 O and 25 ml of 300 mM acetate buffer (pH 3.6). It was freshly prepared and warmed at 37°C. 900 μl FRAP reagent was mixed with 90 μl water and 30 μl of the extract. The reaction mixture was incubated at 37°C for 30 min and the absorbance was measured at 593 nm.
Nitric oxide scavenging activity Nitric oxide (NO) was generated from sodium nitroprusside (SNP) and was measured by the Griess reagent. SNP in aqueous solution at physiological pH spontaneously generates NO radical which interacts with oxygen to produce nitrite ions that can be estimated by the use of Griess Reagent. SNP (10 mM) in phosphate buffer saline (PBS) was mixed with different concentration of extract (1000 μg/ml) of the drug dissolved in ethanol and water and incubated at 25°C for 180 min. The samples from the above were reacted with Griess reagent (1% sulphanilamide, 0.1% naphthylethylenediamine dichloride and 3% phosphoric acid). The absorbance of the chromophores formed during the diazotization of nitrite with sulphanilamide and subsequent coupling with naphthylethylenediamine dichloride was read at 546 nm and referred to the absorbance of ascorbic acid, used as a positive control treated in the same way with Griess reagent (Marcoci et al. 1994 ).
DNA damage protective activity DNA damage preventive property of Coriandrum sativum was checked using pBR322 plasmid. Plasmid was treated with 2, 2′-azobis-2-methyl-propanimidamide dihydrochloride (AAPH), the radical inducer in presence of the leaf extract and checked on 1% agarose according to Russo et al. (2003) with minor modifications. In brief, the experiment was performed using a micro centrifuge tube containing 200 ng of plasmid pBR322 DNA. AAPH was added at final concentration of 200 mM/ml with various concentrations of leaf extracts. Along with leaf extract, a known antioxidant such as gallic acid was also used at the concentration of 100 μM. The reactions were initiated by incubating the tubes for 60 min in incubator. After incubation the reaction mixture along with gel loading dye (6x) was loaded on to 1% agarose gel and run at 200v for 1 h. Untreated pBR322 plasmid DNA was used as a positive control in each run of gel electrophoresis.
In vitro anti lipid peroxidation The anti lipid peroxidation assay was estimated by Liu et al. (1997) with modification. Normal male rats (250 g) were used for the preparation of liver homogenate. A 10% (w/v) rat liver sample homogenate was prepared with homogenizer at 0-4°C with 0.15 M KCl. The homogenate was centrifuged at 900 x g for 15 min, and clear cell-free supernatant was used for the study with in vitro lipid peroxidation assay. Different concentrations (0-1000 μg/ml) of extract and standard BHA 0-100 μg/ml were added in test tubes and 1 ml of 0.15 M KCl followed by 0.5 ml of rat liver homogenates were added. Peroxidation was initiated by adding 1000 μl of 200 μM AAPH. After incubation at 37°C for 30 min, the reaction was stopped by adding 15% TCA, 0.38% TBA, and 0.5% BHT. The reaction mixtures were heated at 80°C for 60 min. The samples were cooled and centrifuged and the absorbance of the supernatant was measured at 532 nm.
Calculation The percentage inhibition for all the above methods was calculated according to the formula:
Where A 0 was the absorbance of the control and A 1 was the absorbance of the sample. IC 50 value was determined from the plotted graph of scavenging activity using the formula y0m x+c against the different concentrations of extracts of Coriandrum sativum L. which is defined as the total antioxidant necessary to inhibit radicals by 50%. The measurements were triplicated and their scavenging effect was calculated based on the percentage inhibition.
Statistical analysis All assays were carried out in triplicates. IC 50 values were calculated using regression equation in excel programme.
Results and discussion
Antioxidant methods and modifications have been proposed to evaluate antioxidant characteristics and to explain how antioxidants function. Of these, reducing power, metal chelation, free radical scavenging, lipid peroxidation and DNA damage protection activities are the most commonly used for the evaluation of the total antioxidant behavior of extracts (Amarowicz et al. 2000; Chang et al. 2002) . Studies have shown that 70% ethanol extract of plant materials contain ethanol and water soluble bioactive compounds possessing antioxidant property (Kahkonen et al. 1999; Ivanova et al. 2005) . Hence in this study, 70% ethanol was used for the extraction.IC 50 values were calculated.
Flavonoids Flavonoids are a class of secondary plant phenolics with powerful antioxidant properties. Therefore it is valuable to determine the total flavonoids content of the extracts in the study. The amount of flavonoids in 70% ethanol extract was found to be 44.5 μg of catechin equivalent/mg extract. Several studies have shown that many flavonoids contribute significantly to the total antioxidant activity of plants (Zhonghong et al. 1999; Anilakumar et al. 2007; Vauzour, et al. 2008) . There is abundant evidence that flavonoids are effective in blocking oxidant induced neuronal injury (Jeremy and Spencer 2009) .
Total polyphenols Phenolic constituents are very important in plants because of their scavenging ability due to their hydroxyl groups (Hatano et al. 1989) . Phenolic compounds in plants constitute a major class of secondary plant metabolites with bioactive attributed to antioxidant and anti bacterial activities. The total phenols in the 70% ethanol extract of the leaf were 133.74 μg gallic acid equivalent/mg extract. These phenolic compounds may contribute directly to the antioxidative action. It has been suggested that up to 1.0 g polyphenolic compounds (from a diet rich in fruits and vegetables) ingested daily have inhibitory effects on mutagenesis and carcinogenesis in humans (Tanaka et al. 1998 ). In addition, it has been reported that phenolic compounds are associated with antioxidant activity and play an important role in stabilizing lipid peroxidation (Yen et al. 1993 ).
DPPH scavenging ability
The stable DPPH radical model is a widely-used, relatively quick method for the evaluation of free radical scavenging activity. The effect of antioxidants on DPPH radical scavenging is thought to be due to their hydrogen donating ability (Baumann et al. 1979) . DPPH· is a stable free radical that accepts an electron or hydrogen radical to become a stable diamagnetic molecule (Soares et al. 1997) . Because of its odd electron, DPPH . gives a strong absorption maximum at 517 nm by visible spectroscopy. As the odd electron of the radical becomes paired off in the presence of a hydrogen donor, that is, a free radical scavenging antioxidant, the absorption strength is decreased and the resulting decolorization is stoichiometric with respect to the number of electrons captured (Blios. 1958; Vani et al. 1997) . Therefore when the above extracts were tested, the ethanolic extract of Coriandrum sativum leaves showed DPPH· scavenging activity, with IC 50 values of 217.2 μg/ml which is more than that of standard BHA, with 4.5 μg/ml (Fig. 1) .
Reducing power This method is based on the principle of increase in the absorbance of the reaction mixture. The increase in the absorbance indicates increase in the antioxidant activity and in turn, the increase in absorbance of the reaction mixture indicates the reducing power of the samples (Jayaprakash et al. 2001 ). There is a direct correlation between antioxidant activity and reducing power of plant extract. The reducing properties are generally associated with the presence of reductones (Duh 1998) , which have been shown to exert antioxidant action by breaking the free radical chain by donating a hydrogen atom (Gordon 1990) . Our data on the reducing power tested extract suggest that it is likely to contribute significantly towards the observed antioxidant effect. There was also dose dependent increase in the absorbance with 70% ethanol extract of the leaves (Fig. 1) .
Metal chelating power The production of highly ROS such as superoxide anion radicals, hydrogen peroxide and hydroxyl radical is catalyzed by free iron through HaberWeiss reaction. The ferrous ion chelating effect was shown by 70% ethanol extract and EDTA (Tab 1). The ferrous state of iron accelerates lipid oxidation by breaking down hydrogen and lipid peroxides to reactive free radicals via the Fenton reaction. Fe 3+ ion also produces radicals from peroxides although the rate is 10-fold less than that of Fe 2+ ion. Fe 2+ ion is the most powerful pro-oxidant among the various species of metal ions. Ferrozine can quantitatively form complexes with Fe 2+ . It is reported that chelating agents, who form σ-bonds with metal, are effective as secondary antioxidants because they reduce the redox potential thereby stabilizing the oxidized form of metal ion (Gordon 1990 ). In the presence of chelating agents, the complex formation is disrupted, resulting in a decrease in the red colour complex. Therefore, measurement of colour reduction allows estimating the metal chelating activity of the co-existing chelator. The extracts of Coriandrum sativum leaves showed metal chelating power, with IC 50 values, 368.12 μg/ml where as that of standard EDTA was 26.7 μg/ml (Fig. 1) .
ABTS radical scavenging property It permits the measurement of antioxidant activity of mixtures of substances and hence helps to distinguish between additive and synergistic effects. The assay is based on interaction between antioxidant and ABTS + radical which has a characteristic color showing maxima at 645, 734 and 815 nm (Vinson and Hontz 1995; Simonetti et al. 1997) . Coriandrum sativum leaves extract showed ABTS radical scavenging property, with IC 50 values, 222 μg/ml where as that of standard ascorbic acid was 22.6 μg/ml (Fig. 1) .
Ferric reducing antioxidant power FRAP is one of the most rapid test and very useful for routine analysis. The FRAP assay measures the antioxidant effect of any substance in the reaction medium as reducing ability (Perumal and Becker 2007) . The antioxidative activity is estimated by measuring the increase in absorbance caused by the formation of ferrous ions from FRAP reagent containing TPTZ and FeCl 3. 6H 2 O. Our results showed significant ferric reducing power indicating the hydrogen donating ability of the extract (Fig. 1) .
Nitric oxide radical inhibition activity Nitric oxide (NO) is a labile gaseous free radical with important roles in physiological and pathological conditions. Lui et al. (2001) , was found that ischemia-reperfusion injury increased the production of NO and induced the expression of iNOS mRNA in the kidney. Molecular oxygen provided by the blood that flows during reperfusion afer ischemia is converted to the super oxide anion radical. Under these conditions, NO will react rapidly with superoxide anion to form ONOO. The relativities of the free radical NO and superoxide anion were found to be relatively low, but their metabolite ONOO -was extremely reactive and directly induced toxic reactions, including SH-group oxidation, protein tyrosine nitration, lipid peroxidation and DNA modifications (Yermilov et al. 1995; Babu et al. 2001) . Coriandrum sativum showed antioxidant activity, with IC 50 values of 815.6 μg/ml and standard BHA with 49.1 μg/ml. The coriander leaves extract also showed dose dependent increase in scavenging nitric oxide radical (Fig. 1) . Fig. 1 Effect of Coriandrum sativum leaf extract (0-1000 μg/ml) on an array of in vitro antioxidant assays (n03) DNA damage protective activity Oxidative modification of DNA has been suggested to contribute to aging and various diseases including cancer and chronic inflammation. DNA damage protection studies were performed using 70% ethanol extract. All the plant extracts provided DNA damage protection; however, the protection provided at the dose of 8 μg was comparable to that of standard gallic acid. The super coiled form was the predominant band when the normal plasmid DNA pBR322 was run on an agarose gel. Exposure of the DNA to AAPH which induces generation of ROS especially hydroxyl radical and peroxyl radical resulted in DNA cleavage as evident from the loss of the super coiled form of the DNA in the control incubations. It is known that excessive stress can induce DNA damage in the form of oxidized nucleosides, strand breaks, or DNA cross-links (Atamaniuk et al. 2004 ). The coriander extract was able to protect this damage to a large extent (Fig. 2) .
Prevention of lipid peroxidation Rat liver homogenate was used and induction of lipid peroxides by AAPH -induced generation of ROS, especially hydroxyl radical and peroxyl radical, which are capable of inducing lipid peroxidation leading to the production of malondialdehyde (MDA) was studied (Okhawa et al. 1979; Kimura et al. 1984; Gutteridge and Wilkins 1983) . The Coriandrum sativum leaf extract was able to prevent lipid proxidation showing prevention of lipid peroxidation, with IC 50 values, 589.6 μg/ml where as that of standard BHA was 16.3 μg/ml. The assays were conducted up to the concentration of 1 mg/ml because there was saturation in the values (Fig. 1) .
Conclusion
In order to characterize antioxidant activity of a plant extract, it is desirable to subject it for the tests that evaluate the range of activities such as scavenging of the reactive oxygen species, metal ion chelation; inhibition of lipid peroxidation and DNA damage protection assay. This study demonstrated a concentration dependent free radical scavenging activity. As part of our ongoing research in to the phytochemistry and antioxidant properties of herbs, spices and plant-derived medicinal preparations, we have investigated a hydroalcohol extract of Coriandrum sativum leaf of India. Linalool, a water soluble monoterpene may be one of the phytochemical, responsible for the antioxidant property. However, further studies are warranted to ascertain its significant role. This study indicated the potential of the leaf extract as a source of natural antioxidants or nutraceuticals that could be of use in food industry with potential application to reduce oxidative stress in living system with consequent health benefits.
